Detection and manipulation of individual electrons are hot topics in nanoscale electronics due to the promise of ultralow-energy-dissipation devices and information processing in molecular circuits. Single-electron detectors made from metal or semiconducting material have been reported, but these have the drawback of operating at millikelvin temperatures. 1 Carbon nanotubes, on the other hand, have been used at temperatures up to 200K to detect single electrons as they hop onto random defects in a silicon oxide layer. 2 However, the electron traps in this case are poorly controlled.
Figure 1. (a) Atomic force microscope image of the device geometry, showing a single-wall carbon nanotube (SWNT) spanning the gap between source (S) and drain (D) electrodes, with a gold (Au) nanoparticle on top of it. (b) Schematic of the measurement setup. The conductance G tube is the ratio of the current measured by the ammeter (A) to the source-drain voltage along the nanotube, V SD . (c-f) Energy
nanotube, which effectively shifts the conductance curve horizontally in V G .
To unequivocally confirm that these discrete jumps correspond to single-electron events, we performed repetitive scans in V G , as shown in Figure 2 (b). A collection of curves is obtained that are periodically spaced in gate voltage, with a period ∆V shift G of about 60mV. This periodicity suggests that adjacent curves differ by a single electron in the Au particle and that the observed jumps between curves represent transfers of individual electrons.
The detection of single electrons allows the characterization of Au-nanoparticle electrical properties, by observing the time dependence of the electron transfer versus temperature. For instance, Figure 3 shows the tube conductance at 50K when the gate voltage is set at a fixed value. The tube conductance fluctu- ates between two values on a time scale of several hundred seconds, corresponding to an electron going back and forth into the Au particle due to thermal excitation and changing the number of electrons. These fluctuations of electron number due to thermal excitation can provide information on the energy separation between electron states of the Au particle. 3 In conclusion, we have demonstrated well-controlled singleelectron detection in a simple, well-defined, highly resistive molecular circuit consisting of a carbon-nanotube transistor and a Au nanoparticle. Nanotube transistors are shown to be excellent detectors of single electrons at high temperatures. We have exploited such single-electron counting and its low transfer rate to electrically characterize the Au particle.
Single-electron counting with nanotubes offers great promise for probing the electronic properties of nanoscale systems. Beyond the metallic nanoparticles studied here, the technique should work with organic molecules, biomolecules, and semiconducting particles, whose high electrical resistivity results in currents too small to measure with conventional electronics. Our next steps are to investigate photoelectric effects in cadmium selenide particles and charge transfer in the biomolecules that are involved in photosynthesis and respiration.
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